INTRODUCTION
============

In the last decades, three-dimensional images have contributed to diagnosis in several fields, including Dentistry. Particularly Orthodontics can benefit from the advantages of cone-beam technology, a new type of computed tomography (CT) with a conic shape X-ray beam.[@B01]

Different from the traditional spiral CT, in which a fan-beam carries out several rotations around the patient, with cone-beam computed tomography (CBCT) a single rotation of x-rays and a solid panel sensor around the patient complete the exam. CBCT radiation dose is remarkably lower than spiral CT.[@B02] It corresponds approximately to the effective dose generated for a panoramic, lateral x-ray and full-mouth periapical radiograph combined.[@B02] ^,^ [@B04]

In the CBCT exam, the field of view (FOV) can be adjusted to scan small or large areas, such as local impacted teeth and surrounding structures, or a complete face, in cases of initial diagnosis and treatment planning. Besides generating slices in all three planes of space, CBCT has the possibility to reconstruct two-dimensional images, such as panoramic or lateral cephalometric radiographs. The new technology leaves behind most of conventional x-ray disadvantages, including distortion, magnification and superimposition.[@B05]

Previous studies validated CBCT cephalogram images for two-dimensional dentofacial evaluation.[@B06] ^,^ [@B08] Kumar et al,[@B06] aiming to compare conventional lateral and CBCT cephalograms of ten dry skulls, found that CBCT reproduced conventional cephalometric radiographs with similar precision and accuracy. The same authors reproduced the study in 31 patients, in which linear and angular measurements were not statistically different for either one of the methods, except for the Frankfort mandibular plane angle.[@B07] Cattaneo et al[@B09] also compared conventional cephalometric radiographs with CBCT-synthesized cephalograms of 34 patients, concluding that CBCT can be successfully used to perform cephalometric analysis. Van Vlijmen et al[@B10] compared linear and angular cephalometric measurements obtained from conventional and CBCT-synthesized cephalograms and found higher reliability for CBCT measurements and did not find significant differences between the two types of images. Chien et al[@B08] compared the reliability of landmark identification in conventional cephalometric radiographs and CBCT 3D derived images and found lower intraobserver reliability for two-dimensional than for three-dimensional images.

Diagnosis and treatment planning for asymmetric patients is a considerable challenge in Orthodontics. Many studies have emphasized the applicability of 3D CT scans in these patients, with some authors recommending their own 3D cephalometric analyses.[@B11] ^,^ [@B14] Measuring face asymmetries using two-dimensional cephalograms could be possible instead of using 3D reconstructions, which is more complex than the usual 2D cephalometry.

An important advantage of CBCT-derived cephalograms is the possibility to separately reconstruct the right and left sides of the face. Comparing one side to the other could bring relevant information about asymmetries location and size. This comparison is valuable, since eventual differences between both sides are not expected from symmetric patients.

No previous study compared the left and right side by means of CBCT-reconstructed cephalograms to assure whether there is equivalence of both sides in clinically symmetric patients. For this reason, the main purpose of this pilot study was to compare right and left CBCT-derived cephalograms of clinically symmetric orthodontic patients with full face CBCT-derived cephalograms.

MATERIAL AND METHODS
====================

This study was approved by the Institutional Review Board of Universidade Veiga de Almeida under protocol \#157/09. The sample comprised nine orthodontic patients (six females and three males) with mean age of 37.5 years. Selection criteria included: absence of clinically relevant facial asymmetry, CBCT scan as part of initial orthodontic records and age greater than sixteen years old. All nine patients had sought orthodontic treatment exclusively due to dental malocclusion.

All CBCT scans were acquired on an iCAT Cone-Beam 3-D System (Imaging Sciences International, LLC, Hatfield, Penn., USA) using a field of view of 22 cm (extended protocol) and voxel size of 0.4 mm. Using Dolphin 3D software (Dolphin Imaging and Management Solutions, Chatsworth, CA, USA), the CBCT scan of each patient was reconstructed to obtain three different images: a conventional cephalogram including the complete width of the face ([Fig 1A](#f01){ref-type="fig"}); a lateral cephalogram, including only the right side of the face ([Fig 1B](#f01){ref-type="fig"}); and a lateral cephalogram, including only the left side of the face ([Fig 1C](#f01){ref-type="fig"}). Maximum intensity of projection (MIP) was selected for CBCT image visualization. In order to include all midsagittal structures, the reference used to limit hemifacial cephalogram reconstructions corresponded to the incisal edge midpoint of the maxillary central incisor of the opposite side. No patient had expressive maxillary midline deviation. Images were de-identified before evaluation.

Figure 1 -Different modalities of CBCT-derived cephalograms from the same subject A) Full face cephalogram. B) Right hemifacial cephalogram. C) Left hemifacial cephalogram.

Eleven cephalometric measurements were obtained on the cephalograms by means of Dolphin 3D software ([Table 1](#t01){ref-type="table"}). Measurements were performed by two previously calibrated examiners, in two different moments, within a two-week interval. After landmark identification, the software automatically measured all variables.

Table 1 -Cephalometric variables analyzed.Cephalometric measurementsDefinitionsLinear measurements (mm)Maxillary length (Co-A)Distance between Co and AAnterior facial height (ANS-Me)Distance between NS and MeMandibular length (Co-Gn)Distance between Co and GnCranial base (SN)Distance between S and NAngular measurements (degrees)ANBAngle formed by landmarks A, N and BSNAAngle formed by landmarks S, N and ASNBAngle formed by landmarks S, N and BSNGoGnAngle formed by S-N line and GoGn planeFMAAngle formed by Frankfort and GoMe planes1.PPAngle formed by the long axis of the most anterior maxillary central incisor and the palatal planeIMPAAngle formed by the long axis of the most anterior mandibular central incisor and the GoMe plane

Error of the method
===================

Intra and interexaminer reproducibility of CBCT cephalograms was tested with dependent and independent t-tests, respectively, using the values obtained for all three different modalities of cephalograms. Intraexaminer error was calculated using the first and second values obtained by the examiners. As for interexaminer error analysis, only the first measurements of each examiner were used.

Statistical analyses
====================

Data normality was checked by Shapiro-Wilk test. Variables SN, ANB, SNA, SNB, FMA and 1.PP showed normal distribution, thus, intergroup comparison was performed with Analysis of Variance. Variables Co-A, ANS-Me, Co-Gn, SNGoGn and IMPA did not show normal distribution, thus, intergroup comparison was performed with Kruskal-Wallis test. Data used for analysis were those obtained by examiner 1, at time point 1. Results were considered statistically significant at *P \<*0.05. All statistical tests were performed with SigmaPlot version 12.0 software (Systat Software, Inc. San Jose, California, USA).

RESULTS
=======

There were two systematic errors for examiner 1 and four for examiner 2 ([Table 2](#t02){ref-type="table"}). There was only one interexaminer error ([Table 3](#t03){ref-type="table"}). Six out of the eleven variables showed casual errors lower than 1 mm or 1.5 ^o^. Only two variables presented errors greater than 2 mm or 2^o^([Tables 2](#t02){ref-type="table"} and [3](#t03){ref-type="table"}).

Table 2 -Paired t-test for intraexaminer error.Cephalometric measurementT~1~T~2~pDalhberg(Mean ± SD)(Mean ± SD)Examiner 1     Co-A84.5 ± 6.684.5 ± 6.60.9370.50ANS-Me68.1 ± 6.668.2 ±6.50.2980.58Co-Gn113.9 ± 8.2113.7 ± 7.70.3540.94SN65.9 ± 3.766.0 ± 3.60.6250.52ANB2.9 ± 2.62.7 ± 2.60.1500.44SNA83.7 ± 3.583.5 ± 4.00.6091.12SNB80.8 ± 2.780.8 ± 3.50.9901.03SNGoGn31.6 ± 4.332.6 ± 5.80.036\*1.82FMA25.5 ± 4.426.5 ± 4.30.007\*1.401.PP110.9 ± 8.0111.3 ± 8.20.4111.46IMPA91.0 ± 9.890.3 ± 9.40.2272.13Examiner 2Co-A84.6 ± 6.486.5 ± 5.90.041\*0.99ANS-Me67.2 ± 6.468.0 ± 6.00.1310.33Co-Gn114.1 ± 8.2116.7 ± 7.40.029\*0.79S-N65.8 ± 4.066.4 ± 3.50.4671.80ANB3.1 ± 2.93.2 ± 2.90.8500.44SNA82.8 ± 3.982.7 ± 3.90.7500.98SNB79.7 ± 3.379.5 ± 3.50.5340.85SNGoGn34.4 ± 5.733.5 ± 5.60.044\*1.12FMA27.0 ± 4.326.1 ± 4.20.0720.721.PP112.5 ± 8.6111.0 ± 8.40.041\*1.44IMPA91.2 ± 8.889.9 ± 9.10.0502.08[^1]

Table 3 -Independent t-test for interexaminer error (T1).Cephalometric measurementExaminer 1Examiner 2P valueDalhbergMean ± SDMean ± SDCo-A84.5 ± 6.684.6 ± 6.40.9510.53ANS-Me68.1 ± 1.267.2 ± 1.20.6070.89Co-Gn113.9 ± 8.2114.1 ± 8.20.9280.79S-N65.9 ± 3.765.8 ± 4.00.9121.20ANB2.9 ± 2.63.1 ± 2.90.7270.52SNA83.7 ± 3.582.8 ± 3.90.3901.31SNB80.8 ± 2.779.7 ± 3.30.1831.48SNGoGn31.6 ± 4.334.4 ± 5.70.046\*2.63FMA25.5 ± 4.427.0 ± 4.30.2371.571.PP111.3 ± 8.2112.5 ± 8.60.6011.95IMPA91.0 ± 9.891.2 ± 8.80.9472.35[^2]

No significant differences were observed among the three modalities of CBCT-synthesized cephalograms ([Table 4](#t04){ref-type="table"}).

Table 4 -Comparison of the three image modalities (Analysis of Variance and Kruskal-Wallis tests).Cephalometric measurementTotal faceRight hemifaceLeft hemifaceP valueMean ± SDMedianMean ± SDMedianMean ± SDMedianCo-A\*84.72 ± 6.7783.1084.37 ± 7.0382.3084.48 ± 7.0882.800.927ANS-Me\*68.16 ± 6.8468.4068.14 ± 6.8768.1068.08 ± 7.1168.600.996Co-Gn\*114.29 ± 8.41112.20114.18 ± 8.51111.60113.48 ± 8.91111.900.927S-N65.94 ± 3.8065.3065.72 ± 4.1765.2066.26 ± 3.6565.900.958ANB2.77 ± 2.763.002.90 ± 2.673.003.06 ± 2.983.500.976SNA83.60 ± 4.3182.4083.98 ± 3.3983.4083.64 ± 3.1983.100.972SNB80.82 ± 2.9180.8081.09 ± 3.0981.1080.59 ± 2.4880.800.933SNGoGn\*31.48 ± 4.7032.0031.12 ± 4.0829.6032.22 ± 4.7430.600.755FMA25.67 ± 4.4624.9025.48 ± 4.4525.8025.56 ± 5.0925.800.9961.PP111.31 ± 7.88111.40111.17 ± 8.82112.70111.50 ± 9.05112.500.997IMPA\*91.53 ± 9.0695.1090.29 ± 9.6695.9091.30 ± 11.6592.000.973[^3]

DISCUSSION
==========

Sample
======

This study was conducted based on a sample of nine orthodontic patients. This unpretentious number could be considered quite small to be representative. Sample reduced size is justifiable for a pilot study and was due to the inclusion criteria regarding absence of clinical asymmetry and post adolescent age.

Nevertheless, considering the radiation dose involved in computed tomography, it is not so easy to reach a large number of patients whose conditions justify submission to the exam. Nowadays, the ethic aspects related to researches including radiation are a delicate topic of debate. To be included in this study, in addition to having a CBCT scan, the patient could not have any clinically significant asymmetry.

It is important to emphasize that CBCT exposes the patient to a greater radiation dose compared to conventional radiographs.[@B03] For this reason, currently CBCT should only be indicated when the benefits for a better diagnosis are greater than the individual detriment that radiation exposure might cause (ALARA principle).[@B05] On the other hand, exposure to radiation in a CBCT exam is much lower than a conventional CT.[@B03] In some specific situations, when it is necessary to assess details on bone structures, the CBCT technology is an alternative to replace its predecessor.

All individuals included in the present sample had a CBCT scan included in the initial orthodontic records for clinical reasons. Furthermore, the cephalograms generated helped to elaborate their treatment plan, along with dental cast and facial analysis. If a CBCT is included in the initial orthodontic records due to specific indication, it can be used to generate 2D images. Conventional cephalogram and panoramic radiograph may be eliminated from orthodontic records, thereby considerably reducing the radiation dose.

Reproducibility of CBCT-derived cephalograms
============================================

Among the 11 cephalometric variables tested, only two showed intraexaminer systematic error for the first examiner and four for the second examiner ([Table 2](#t02){ref-type="table"}). Only one variable (SNGoGn) showed significant systematic interexaminer error ([Table 3](#t03){ref-type="table"}). These results evince the high reproducibility of cephalometric measurements in all modalities of CBCT cephalograms.

Some reproducibility error was expected because in cephalometry there are inherent errors involved.[@B15] Although a two-week interval existed between the two measurements, randomly or systematically, two examiners will unlikely choose, at two different moments, exactly the same point, especially those of subjective landmarks. Some examples are the landmarks Gonion and Gnathion, which are difficult to identify, and may have contributed to the significant errors that appeared in SNGoGn, FMA, IMPA and Co-Gn. Gonion and Gnathion points were often involved in systematic and casual errors. Previous studies also reported higher values for errors of measurements involving these points.^16,17^

The SNGoGn angle was involved four times in errors of reproducibility ([Tables 2](#t02){ref-type="table"} and [3](#t03){ref-type="table"}). Some arguments may explain these results. Previous studies showed that the fronto-nasal suture (point N) can be easily identified in CBCT scans, whereas point Sella (point S) showed lower reproducibility.^8,9^ Sella is identified as a geometrical center of a circular structure with the same name in the center of the sphenoid bone. Additionally, temporal bone density can slightly obstruct clear visualization of midsagittal structures in MIP reconstructions of CBCT scans, since structures with higher density can hide structures of lower density.[@B09]

Random errors were observed for interexaminer comparisons. Even if previously calibrated, two different orthodontists examiners will hardly elect the exact same position for a certain landmark. All but one occurrence of interexaminer errors appeared in angular measurements. Furthermore, those were all angles formed by not only three, but four points. Including one more landmark identification process each and the inexorable imprecision, they were more likely to show unavoidable casual errors. Moreover, the involvement of dental measurements, such as 1.PP and IMPA in errors, is in agreement with previous studies.^17,18^

The high reproducibility found for CBCT cephalometric measurements in this study is in accordance with previous studies.^8,9,19,20^ Cattaneo et al[@B09] found higher reproducibility for CBCT cephalograms compared to conventional cephalometric images in a sample of 20 patients, except for measurements NS-Ar and NS-Ba which also depend on the correct identification of point S. Chien et al[@B08] compared intra and interexaminer reproducibility for 27 measurements obtained by six observers from ten conventional 2D cephalograms and their respective CBCT-derived 3D images. The authors concluded that the 3D images had improved reliability in certain landmarks*in vivo* when compared with two-dimensional images. Ludlow et al[@B20] compared 24 landmarks identified by five observers during two separate sections and in conventional and CBCT-derived cephalograms. CBCT scans provided more precise identification. The authors reported that greater variability of some points in the mediolateral direction was probably related to inadequate definition of landmarks in third dimension. Chang et al,[@B19] comparing the identification of 20 lateral cephalometric landmarks by 11 observers at two time points, concluded that the errors on CBCT-derived cephalograms were comparable to those on conventional digital cephalograms, and also that the Ba point was more reliable on CBCT-derived cephalograms.

Comparison between full face and hemifacial CBCT scans
======================================================

There was no significant difference for any cephalometric variable in the comparison between full face, right and left hemifacial CBCT scans ([Table 4](#t04){ref-type="table"}). Considering the absence of relevant clinical facial asymmetries in the sample, these results were expected.

No previous study compared the right and left side of CBCT-derived cephalograms. Therefore, according to the present results, right or left hemifacial CBCT cephalograms can be used for two-dimensional cephalometry in symmetrical patients with the advantage of a clearer identification of bilateral structures. Unlike conventional cephalometric radiographs, CBCT-reformatted images have no magnification or distortions in the orthogonal plane.[@B05]

One of the indications of 3D cephalometry is the assessment of patients with facial asymmetry.[@B21] ^,^ [@B25] To locate and quantify facial asymmetry, in addition to using 3D reformatted CBCT scans^23,26,27^or multiplanar reconstructions,^21,28^ another option would be comparison of right and left CBCT-reformatted cephalograms, as previously performed with dry skulls.[@B28] Because landmark location in three-dimensional images is more difficult and time-consuming, comparison between hemifacial CBCT cephalograms could be an alternative for clinical use.

Location of facial asymmetry represents an important factor influencing individual attractiveness.[@B29] A comparison between unilateral cleft lip and palate, orthognatic Class III and Class I malocclusion individuals regarding attractiveness was performed. Although there were no differences in facial asymmetry between cleft and orthognathic surgery patients, the first group was rated as significantly less attractive. This result shows that not only the amount of asymmetry influences attractiveness, but also its location.[@B29]

An accurate exam to assess morphology and facial asymmetry, leading to successful treatment plans, including orthognathic surgery, is important. Mandibular asymmetries, such as chin deviation in Class III malocclusion patients, were examined by means of computed tomography revealing that they were due to greater growth and mesial inclination of the ramus and greater maxillary vertical excess in the opposite side.[@B30] The precise location of asymmetry is crucial to determine details of surgical treatment planning.

CONCLUSIONS
===========

Cephalometric measurements in CBCT-derived cephalograms showed good reproducibility.

Cephalometric measurements in full face, right and left hemifacial CBCT scans, in clinically symmetrical patients, were similar.
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[^1]: Statistically significant at P \< 0.05.

[^2]: Statistically significant at P \< 0.05.

[^3]: Kruskal-Wallis test.
